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1.  INTRODICTION 


Whenever  an  aircraft  breaks  up  in  the  air.  either  completeK  or  in  part,  the  wreckage  is 
scattered  over  a relatively  wide  area.  The  number  of  wreckage  items  will  depend  upon  the  extent  ol 
break-up  which,  in  turn,  is  dependent  upon  the  nature  ol  the  damage  sustained  by  the  aircralt.  l or 
example,  extensive  break-up  will  normally  resuli  Irom  mid-air  collisions,  internal  explosions, 
fuselage  lailures,  etc  while  wing  lailure.  engine  disintegration,  etc  mav  lead  to  only  a limited 
degree  ol  break-up  In  many  instances  an  aircralt  will  survive  a limited  degree  ol  break-up  such  as 
that  associated  with  tin  lailure  or  engine  separation  However,  even  in  these  instances  it  is  most 
unusu.il  lor  the  detached  material  to  be  contined  to  a single  wreckage  item 

I fiiring  any  mvesligalion  into  an  aircraft  accident,  it  is  customary  lo  plot  the  ground  layout  ol 
the  wreckage  as  it  is  recovered.  1 his  is  invariablv  the  case  when  mid-.iir  break-up  is  suspected 
1 rom  this  ground  layout  it  should  be  possible  lo  determine  certain  parameters  ol  the  aircralt. 
particularly  speed  and  altitude,  at  the  time  ol  break-up  by  calculaimg  the  traieclories  ol  selected 
wreckage  items  and  plotting  these  back  from  the  ground  layout  I he  point  ol  inlerseciion  ol  the 
calculated  liaiectories  is  then  identifiable  in  space  as  the  point  ol  break-up  It  a succession  ol 
intersections  can  be  established,  these  will  give  an  indication  ol  the  break-up  secpience. 

Ibis  paper  gives  details  ol  the  approach  adopted  by  A R 1 . m the  analysis  ol  aircralt 
wreckage  traiectories  1 his  approach  is  based  on  data  obtained  Irom  various  trials  at  Woomera. 
Australia,  and  is  confined  to  eases  where  break-up  occurs  at  altitudes  ol  less  than  .^OOOni  ( lO.OOO 
It.) 

2.  TRA.IKf  TORY  AN AI  VSl.S 


In  /ero-wmd  conditions,  the  acceleration  ol  a bodv  m tree  tall  is 


hori/onlally . (v  cosh) 

dt 

vertically.  |v  sin  h) 

dt 


where  v 
0 
I 


speed 

angle  between  the  tangent  to  the  traiectory  and  the  hon/ontal 
time 


Hence. 

hori/ontally , h cos  h = m _d  (v  cos  h) 

dt’ 


(I) 


verticallv.  mg  1 sin  0 = m d (v  sm  II) 

dt 


l2l 


where  m mass  ol  the  bodv 

I he  aerodv n.iniic  drag.  1 . is  given  bv. 
h m k V 

= 0 V A ( ,. 

where  A mean  presented  area  ol  the  body 

Cn  = aerodv namie  drag  coeflicieni . 

I hese  equations  mav  be  used  lor  calculaimg  the  traiecloiy  ol  any  wreckage  Hem  hav  mg  the  initi.il 
conditions  V,i  and  h, , I he  accuracy  ol  the  results  obtained  w ill  depend  upon  the  accuraev  ivt  the 
input  data  and  on  the  significance  ol  any  ellect  not  included  in  'he  analvsis 

I he  analvlical  approach  has  a number  ol  inherent  dilliciilties  associated  vvith  it  I he  initial 
velocitv  ol  some  wreckage  items  may  not  be  the  same  as  the  aircralt  speed  but  mav  have  some 
additional  velocity  input  I his  is  obviously  true  ol  rotating  engine  parts  but  may  also  apply  to 
structural  items  in  the  event  ol  internal  explosion,  severe  turbulence,  etc 

A more  serious  dilticulty  arises  m the  assessment  ol  aerodynamic  drag  A piece  ol  wreckage 
may  lall  in  a stable  or  unstable  mode  It  m.iy  streamline,  oscillate  or  tumble  depending  upon  its 
mass  distribution  and  aerodynamic  characteristics  It  may  have  ntote  than  one  stable  mode 


\ucnipts  to  jiiicsN  a reasonable  drag  eoellieietu  lor  mdiudual  ureekage  items  are  unlikeK  to  lesult 
m reliable  estimates  smee  tests  mdieate  that  the  drag  eoellieieni  ol  \ isualK  similar  wreckage  items 
m.is  ditler  h\  a laetor  ol  up  to  10. 

1 xperimeiils  eondtieted  to  determine  the  aerodynamic  drag  ol  selected  wreckage  ilemssnitet 
the  dilficullc  that  it  is  impossible  ti'  be  sure  that  the  mode  ol  tail  exhibited  during  the  experiments 
IS  the  same  as  that  which  occurred  duringthe  accident  Mouniinga  wreckage  item  ma  hori/onlal 
wind  tunnel  will  always  impose  constraints  which  may  generate  an  arliticial  mode  ol  tail. 
\1oieo\ei . the  wreckage  item  under  test  is  not  idenliCiil  with  the  item  which  tell  duringthe  accident 
since  It  will  have  been  modi  lied,  to  at  least  some  extent,  by  the  i mere  ening  ground  impact  I rec  tail 
experiments  on  wreckage  items  are  not  reproducible  lor  the  same  reason.  A series  ol  such 
experiments  conducted  on  a single  wreckage  item  will  lend  to  give  variable  results  since  the 
wieckage  is  constantlv  being  modilied  by  ground  impact  damage 

\ turlher  dilliculty  with  this  approach  is  that  a tailing  piece  ol  wreckage  may  develop 
.leioilvnamic  hit.  i e the  Hem  may  be  sub|ected  loan  aerodv  namic  lorce  normal  to  I he  direction  ol 
motion  I his  lorce  is  not  included  in  the  basic  equations  since  it  is  extremely  dillicult  to  estimate  its 
magnitude  and  oiit-ol-plane  component  which,  again,  will  depend  upon  the  mode  ol  tall 
•\t tempts  to  tneasure  aerody  namie  lilt  sutler  trom  t he  same  dillicult les  as  those  .issociated  wuh  the 
me.isuiement  ol  aerodv tiamic  drag. 

I he  linal  dilliculty  concerns  wind  drilt.  As  stated  eat  het . equations  ( 1 1 and  |2)  are  tor  /ero- 
w mil  conditions  However,  these  conditions  rarely . it  evei . exist  in  pi  act  ice  .ind  the  wind  prol  lie  in 
the  accident  area  must  be  known  il  the  calculated  traiectories  are  to  be  modilied  with  piecision 

Some  investigators,  ineluding  A.R  1 ...  have  endeav  oured  to  use  the  analytical  appioach  in  the 
p.isi.  eitlici  with  or  without  an  experimental  delei minalion  ol  aeiodyn.imic  lilt  .ind  diag.  using 
selected  wieckage  items  In  an  el  tort  to  eliminate  t he  uncertainties  associated  with  w tec  k age  items 
which  exhibit  a stable  mode  ol  lall.  some  investigatois  have  reiected  all  such  items  and 
conceiitiated  solelv  on  wreckage  items  which  lall  m an  unstable  mode  1 lequently.  m .in  .ittempi 
to  minimise  the  ellect  ol  giound  impact  damage,  atlenlioii  is  eoneeni rated  i>n  wreck. ige  items 
w Inch  h.ive  .i  low  terminal  veloeiiv  It  is  argued  that  the  ground  impact  damage  to  such  items  will 
be  insignilieanl  I he  problems  with  this  approach  are  th.it  many  signilicant  vvreck.ige  items  are 
siinplv  Ignored  .ind  that  .ittention  tends  to  be  concentrated  on  sm.ill  light  items  which  satislv  the 
.ibove  lequiretnents.  eg.  aluminium  skin,  perspex,  (ibiegl.iss.  etc  Such  items  .ire  lieaviiy 
inlluenced  bv  wind  diilt  .ind  the  problem  tends  to  be  dominated  by  the  estimation  ol  wind  protile 
\loieovei . since  all  such  items  he  dow  nw ind  ti oni  the  bre.ik-up  point . the  calcul.ited  tiaieclories 
he  on  Ol  ne.ii  .i  single  vertie.il  pi. me  with  ti.iiectoiy  intei sections  contmed  to  th.it  pl.ine  I hus.  .i 
ihiec  dimensiiinal  problem  is  tackled  two-dimensionallv  with  .i  consequent  decre.ise  in  accut.KV 
I n genei.il.  t hese  attempts  h.ive  not  been  p.irticulai Iv  successi  ul  due  to  t he  low  level  ol  coni ide nee 
in  the  results  obtained 

V WOOMKKA  I KIAI.S 

Smee  IHSg.  A K 1 has  ex.mimed  the  vvreck.ige  ol  every  t.iiget  aireralt  destroyed  oi  damaged 
III  missile  trials  at  \k  oomera.  Most  ot  these  trials  have  involved  the  m-llight  break-up  ot  the  t.iiget 
.iircr.ill  Additional  data  arc-available  Ironi  some  t.irget  development  trials  which  h.ive  terniin.ited 
111  the  m-l  light  break-up  yl  the  aireralt.  In  all  cases,  the  speed.  Might  path  and  alt  it  ude  ol  the  tin  get 
.iircralt  .ire  known  to  .i  high  degree  ol  accuracy,  det.iiled  meteorologic.il  d.it.i  .lie  .ivailable  .irul 
.icciii.ile  ground  plots  ol  the  target  wreckage  h.ive  been  compiled  In  some  c.ises.  rad.ir  plots  ol. 
.md  reduced  tia|ect<>rv  data  lor.  maior  items  ol  wreckage  .ire  available  lor  some  time  alter  bte.ik- 
up  although  these  data  generally  terminate  bcloie  giound  impact  I hus  \k  ooniei.i  Inals  pi  ovule  .i 
huge  body  ol  dal.i  suitable  lor  the  study  ol  .iiici.ilt  vvreck.ige  tiaieclories  I he  d.il.i  have  been 
gener.ited  under  carelully  eonirolled  conditions,  .ire  liighlv  aceutale  and  probably  unique 

IVIore  these  data  can  be  tiseil  m the  development  ol  general  .malyiical  met  hods  ot  empmcal 
procedures,  it  is  necessarv  to  examine  their  .ipplicabihlv  to  the  gener.il  held  ot  aiicrall  .iccident 
investigation  I he  target  .iirctall  used  .it  Woomeia  ate  unnianned  Imdiviks.  Meteots  ,uid 
( anberras  Siruci  iirallv . t hese  aireralt  belong  to  w hat  mav  be- tei  med  the  k' orld  W .it  2genet.ition 
ol  aireralt  1 hat  is.  thev  belong  to  the  generation  ol  .iiici.ill  having  .ill  metal  alumiiiinm  .illov 
structures,  ol  riveted  or  bonded  construction,  and  char.icterised  bv  tel.ilivelv  thin  skins  m 
.issocialion  with  he. ivy  disciele  struclui.il  elements  such  .is  wing  sp.iis.  tiisel.ige  longei •nis,  etc 
M.mv  aireralt  ciirrcntlv  in  m.iniilactiire.  including  most  light  .iiicr.ilt.  Mill  vvitlim  this  siiiictui.il 
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gcnctalion.  I he  hreak-iip  ol  an>  aircratl  ol  this  slruclural  {jeneration  can  be  cxpcckd  lo  pioiJucc 
similar  \srcckayc.  i c.  the  general  eharactensties  o(  wreckage  are  common  to  a striicKirai 
generation  and  independent  of  aircraft  t\pe.  1 his  is  another  wa\  of  sasing  that,  in  general, 
wreckage  items  do  not  possess  characteristics  which  are  peculiar  to  an  aircraft  t\pe. 

I he  application  of  oomera  trials  data  to  aircratl  of  different  structural  generations  should 
be  avoided  C'learK.  the  wreekage  produced  b\  a Meteor  will  be  \erv  different  from  that  produced 
b\  a ligei  Moth  uspical  of  the  Id20\  structural  generation)  or  h\  an  t III  uhe  supersonic 
generation).  1 he  lact  that  target  aircialt  are  unmanned  should  not  affect  the  issue  since  wreckage 
chaiacteristics  are  not  depenifent  on  the  actions  of  a pilot 

4 I SF  OF  TRIM  S l)\TA 

\s  mentioned  in  Section  2.  A.R.l  . initialK  attempted  to  use  k\  oomeia  iriais  data  in  suppoii 
of  I he  analytical  approach  I he  results  obtained  showed  eonsulei a ble  i neons istencs . in  some  cases 
tr.iiectors  analvsis  ga\e  good  results,  in  other  cases  the  results  weie  \ci\  poor.  It  was  clear  Irom 
this  work  that  it  was  impossible  to  attach  any  confidence  to  llie  lesults  obtained  .ind  ihc  woi  k was 
abandoned 

Siibsei|ucntl\ . as  an  integral  part  of  othei  tasks,  it  w.is  necess.iie  to  use  some  of  the data  to 
detei  mine  the  ground  impact  points  of  aircraft  and  missile  w ree  kage  following  mid-air  break  up  ll 
was  decided  to  develop  a comparative  procedure  based  on  purelv  empirical  rules  and  to  use  this 
procedure  in  prelerence  to  the  analvtical  approach  I his  pioccduie  was  developed  and  has  since 
been  used,  with  success,  lor  various  ad-hoc  tasks 

5.  k.R.I  . rR(K  FDI  KF 

Ihc  \ R 1 procedure  was  developed  atound  the  iiliiKisophv  th.it  all  wreek.ige  items  are  ol 
importance  and  each  c.in  make  some  contribution  lo  the  lol.il  piciiiie  th.ii  etneiges  I lie  Inial 
picture  should  be  consistent  and  comp.itible  with  all  wreek.ige  items  1 his  philosophv  iccognised 
t hilt  I lie  iinalvtical  .ipproach.  m working  Irom  a lew  selected  items  onlv . tended  lo  disiegaid  ' 'o 
much  evidence  and  to  place  too  much  reliance  on  a small  minontv  ol  items  which  m.tv  oi  mav  not 
h.ive  been  ,i  irulv  representative  s.implc 

f rom  an  inspection  of  the  tri.ils  data,  it  vv.is  cle.ir  Ih.il  all  wieck.ige  items  coiiUf  be  consideieil 
in  ihree  groups,  vi/  light,  medium  and  heavv  I he  ch.ir.icleiislics  of  these  groups  ,iie  diseiissed  in 
the  lollowitig  sectiotis 

s.I  1 ight  \N  reckage  llems 

I ight  Items  ,ire  ch.it.icterised  bv  ,i  low  weight  surlace  .ire.i  r.itio  ,ind  consist  i>t  .ilutiiimuni 
sficet  OI  evtiuded  .ingle  material,  perspex.  Iibrcgl.iss.  etc  I hev  lose  .ill  then  torw.nd  velocitv 
shoitlv  .liter  sep.ii.ition  trom  the  .iiier.iti  .itivl  their  ti.iiectorics  .ite  csseiiliallv  deleimineil  soleK 
bv  wind  drill  I hlis  light  items  he  downwind  llom  the  bieak-up  point  but.  bev.iiise  ol  v.ig.iiies  in 
the  wind,  ihev  are  scattered  .iboul  the  line  ol  tfie  mean  wind  1 vperiencc  has  shown  lh.it  all  light 
Items  .ire  genei.illv  eont.iined  within  a sector  with  .ipe\  at  the  break-up  point  .ind  with  .in  apex 
.ingle  of  <11  1 he  sector  is  located  downwind  ot  the  break-up  point  and  oriented  so  that  its  centre 

line  IS  coincident  with  the  line  <'l  the  mean  wind  see  I ig  1 I his  <0  sector  contains  .ill  ol  the  light 
items  which  sepai.iled  at  the  break-up  point,  anv  light  Hem  ru'l  conl.iined  bv  the  sector  sep.ii.ilcd 
.It  some  other  lime  ( leariv.  if  break-up  proceeds  in  stages  such  1 hat  there  are  n points  ot  successive 
parti.il  brc.ik-iip.  then  there  will  be  n sectors  corresponding  to  these  break-up  points;  see  f ig  2 

5.2  Heav  v U reckage  Items 

lle.ivv  Items  h.ive  a high  weight  surl.ice  .irea  r.iiio  and  consist  ol  engines,  batteries, 
iinderc.irnage  legs,  etc  I hev  .ire  little  at  feet  ed  bv  wind  dull  and  I heir  traiectories  depv-nd  primarilv 
on  the  velocitv  ot  the  .iiicr.ili  at  Ific  lime  ol  bre.ik  -up  Such  items  .ire  lecovered  Irom  points  King 
close  to  the  line  ol  the  extended  flight  path  ol  the  aiicr.ill  Hccaiise  heavv  items  mav  develop 
signilic.ini  .lerodvn.imic  lilt  during  thcit  l.ill.  some  r.iiidom  .icrodvnamie  dispersion  will  occur 
.iiul.  on  .ivei.iL’c.  the  items  will  be  evenlv  disitibuled  .iboul  the  extended  flight  p.ilh.  see  I ig  1 
Wind  dull  will  introduce  sonv  hi. is  to  this  distribution  hut  this  is  gener.illv  sm.ill  in  comp.irison 
with  aerodv namic  tlispersion  i hus.  .i  mean  line  dr.iw n thi ough  the  ground  impact  points  ol  he.iv  v 
Items  will  define  the  extended  flight  patfi  ol  the  aircr.ilt  with  sufficient  aceur.iev  Ihc  heavv  item 
sector  will  be  positioned  sv mmelricallv  .iboul  this  mean  hue  with  apex  .it  the  brc.ik-up  point 
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5.3  Medium  \\  reckagr  Item' 

Medium  Hems  ;iie  tliose  ssliieh  have  traieetones  which  ars  iplluenced.in  saiung  iteiiiee  h\ 
holh  wind  drill  and  loi  ward  sclociU  I he\  will  he  Uvaled  in  a seclur  downwind  ol  the  cMended 
llitihl  path  and  lorward  ol  the  break-up  poinl  As  shown  in  I ij;  1.  this  seel  or  is  bounded  b\  the 
lorward  limit  ol  the  hjihl  wreckage  sector,  the  downwiiul  limit  ol  the  heaw  wieckage  sector,  amt 
some  concave  curve  running  between  the  cMrenic  heavv  and  light  items 

.^.4  Determination  of  Break  I p I’oint 

Hv  applving  the  concepts  contained  in  the  preceding  sections,  the  break-up  point  can  he- 
established  with  reasonable  accuracv  1 he  direction  ol  the  mean  wind  and  the  tlighl  path  ol  the 
aiicratt  at  break-up  will  also  be  established  In  the  piocess.  a good  idea  will  be  obtained  ol  the 
break-up  sequence  it  that  sequence  was  sullicicnilv  prolonged  lor  wreckage  to  be  scattered  over  ,i 
signilicantlv  greater  area  than  would  have  he-en  the  case  with  instantaneous  bieak-up:  see  I ig  2 
I hat  IS  to  sav.  it  is  generallv  not  possible  to  distinguish  between  instantaneous  break-up  and  short 
period  break-up.  a break-up  sequence  must  e.stend  over  a relativelv  long  pet  lod  lor  t he  sequenc  e to 
be  idenlilied 

A good  evaniple  ol  the  wav  in  w Inch  the  correct  ideniilication  ol  l he  break-up  sequence  can 
help  determine  t he  cause  o I an  accident  is  pi ov  nlevl  bv  ,1  ind i v i k \ ^-4 1 t which  bi  oke  up  in  t he  ,tii 
at  \koomera  on  Idth  lebruarv.  NP5  A plot  ol  the  ground  lavoul  ol  the  wreckage  tioin  this 
accident  is  shown  in  lag.  ' In  the  initial  accident  investigation  Ket  1.  thn  plot  was  inter  preted  as 
indicating  that  bieak-up  was  initiated  hv  lailure  ol  the  lin  since  wieck.ige  items  lurthest  Irom  the 
aircrall  llight  path  were  pieces  ol  the  tin 

lire  investigation  ol  subsequent  lindivik  accidents  with  simil.u  leatures  led  to  ,i  le- 
investigation  ol  the  accident  to  .lindivik  A')2-4I  3 \k  bile  lollow  ing  the  \ R1  piocediiie.  it  was 
appreciated  that  the  under  wing  lairing  was  t he  In  si  iiem  lose  pa  i ate  Irom  t he  aireriitl  and  th.it  t his 
occurred  some  .^.5  to  4 0 seconds  bet  ore  general  break-up  boi  the  tailing  to  separate  in  this  wav..i 
gross  de  Heel  ion  ol  t he  I usel.ige  in  bending  is  rcqiiiieil  1 his  could  onlv  have  occurred  .is  a result  ol 
flutter  and  llutter  w.is  .idvaneed  .is  the  most  likelv  cause  ol  the  accident  -\  subsequent  analvsis  ot 
the  bodv  Ireedom  tliittei  ch.ii.ictei  istics  ol  the  lindivik  .iiici.ilt  conliimed  Ihitlei  as  the  c.iusc  ot  the 
.iccident. 
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It  is  worthwhile,  .it  this  st.ige.  to  mention  some  ol  the  problems  which  inav  be encoiinlered  in 
detei  mining  the  bie.ik-up  point  Some  wreckage  items  m.iv  be  recovered  from  positions  which  are. 
.ipparentiv,  incompatible  with  anv  reasonable  picture  w hicli  m.iv  be  developed  Belore attempting 
to  modilv  the  picture,  such  items  should  be  es.imineil  c.irclullv  to  ascertain  whelhei  some 
.iddilion.il  l.iclor  m.iv  be  involved  in  determining  then  linal  loc.ition  I hev  mav  have  received 
some  additional  impetus  as  a result  ot  internal  esplosion.  engine  disintegration,  collision,  etc.  An 
es.iinple  ol  this  clleci  is  provided  bv  the  collision  between  a missile  ,ind  Meteoi  A";-20'’  .it 
Wooinera  on  ISth  November,  Id'l  I he  Missile  struck  the  port  engine  ol  the  aircraft  and.  as  a 
result  ol  the  impetus  thev  received  during  the  collision,  pieces  ot  the  port  engine  ultini.ilelv  l.inded 
111  .1  region  behind  the  target  break-up  point,  lag.  4 

Another  example  is  provided  bv  Dll  Dove  \ M-W  S 1 which  broke  up  alter  colliding  with 
t’lper  I win  ( omanche  \ H-WWH  on  I Mh  March.  14^4  I he  port  propeller  ol  the  I win 
( omanche  sep.irateil  Irom  the  engine  and  was  recovered  Irom  a position  well  to  the  left,  i.e 
upwind,  ot  the  extended  High!  path  ol  the  aircrall.  lag  A rotating  piopellci  will  still  develop 
thrust  alter  separation  and  will  lend  to  vaw  to  let  l or  light  depending  upon  its  direction  ol  rot.it  ion 
bor  clockwise  rot, it  ion.  when  viewed  from  the  rear,  the  direction  ol  saw  will  he  to  I he  let!  and  vice 
versa  Investigation  conlirmed  that  the  propellers  ol  the  I win  C omanche  rotate  in  a ch'ckwise 
direction  and  the  .ipp.ireiil  incompatibilKv  was  resolved 

I wo  tun  her  problems  are  well  illustrated  bv  the  in-llighi  hieak-up  ol  Sable  A44-<‘^^o^  I nth 
August.  I4pb,  lag  b I he  linal  position  ot  a recovered  item  mav  not  be  identical  with  its  ground 
impact  point  since  it  mav  bounce  alter  impact  Some  items,  p.irlicularlv  wlieels.  m.iv  bounce  .i 
stirprisinglv  long  wav  alter  impact  .is  ilhistr.ited  hv  I ig  b which  indicates  the  position  ol  a nose 
wheel  which  linallv  came  to  rest  some  I4(lm  ( l.MI  vds  I Irom  its  ground  impact  p.vinl  Other  items 
mav  be  recovered  Irom  positions  which,  apparentlv,  delv  rational  explan.ilion  1 he  repotted 
position  ol  .111  .iileron  control  rod  .iiul  .i  tail  tin  piece  shown  in  I ig  b .iie  good  ex.imples  1 ithci 
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ihcM.'  reported  positions  relleet  ordinarv  tinman  error,  or  the  pieees  were  nioied  to  their  repiirted 
pi'sitioiis  b\  some  external  ayeney.  Despite  uule  piiblieiix  to  the  eontrarx.  people  still  haxe  a 
tendenex  to  piel^  tip  oild  pieees  ol  xxreekage  and  toearrx  them  around  tor  a xx  tide  beloie  diseardinu 
them 

7.  DKIUHMIN  VnON  Ot  \l  (M  l l)K 

7.1  I ighl  Wreckage  Hems 

f xperiments  haxe  indieated  that  light  xxreekage  items  tall  xx it h terminal  xeloeities  in  the  range 
7-24  m s ( lO-Xl)  t.p.s  ).  It  is  eommonix  heldthtit  most  xxreekage  items  haxe  terminal  xeloeities  ot 
less  t han  I .“i  m s ( 50  t p.s. ).  Rel . 2.  I his  is  ee(iiixalent  to  sax  mg  that  most  xx  reekage  items  are  sm.dl 
and  light  xxliieh.  in  general,  is  true.  Hoxxexer.  this  should  tiot  be  interpreted  to  me, in  th.it  the 
maioritx  ol  the  aireralt  ureekage  is  contained  in  smtill  light  items  since  these  items,  although 
niimerons.  generallx  aeeount  lor  less  than  lO'i  ot  the  aireralt  xxeighl. 

I he  drill  ol  light  items,  i.e.  their  distance  Irom  I he  break-up  point  measured  .ilong  the  line  ol 
I he  mean  xxmd.  must  be  ,i  I iinetion  ol  t heir  terminal  xeloeities  II  t he  penoxl  .4  initial  acceleration  is 
Ignored  ,ind  all  Hems  are  assumed  to  tall  ;il  then  constant  terminal  xeloeities  I tom  break-up.  i hen 
drill  IS  gixen  b\ . 

ill  ill  \x I 1 1 


xxhcie  \ altitude  ol  break-up 

X mean  xxind  xeloeilx 

X lerminal  xeloeilx 

I he  const. I nt  ( Ax„  I is  determined  bx  assigning  a lermin.il  xeloeily  ol  7 m s | 10  l.p.s  ) to  the  most 
distant  Item  .ind  24  m s ( Ml  I p.s  ) to  the  item  nearest  t he  break-up  point , I xxo  x allies  ol  ( Ax . ) ate 
thus  obtained  and  a mean  x.ilue  is  usuallx  accept. ible  but  some  xxeighing  m;ix  be  adxisable  in 
eerlam  eases.  I hese  e.ises  ineliide  those  xxherc  the  Ixxo  x.ilucs,  as  determined,  .ire  xerx  dillereni 
I his  could  indicate  Ih.il  no  light  items  xxnh  .i  terminal  xeloeitx  ol  24m  stMM  p.s.t.  in  tact. existed 
Ol  th.ii,  because  ol  ,i  large  se.itlei  ol  xxreekage,  the  luilher  bouiulaix  ol  the  light  items  xx.is  not 
piopeilx  determined.  I he  treatment  ol  these  etises  is  laigeix  a matter  ol  personal  ludgemenl  and 
esperienee  and  it  is  dillieult  to  proxide  hard  and  Itisi  rules. 

( )nee  ,i  x alue  ol  ( ,Ax  I has  been  established,  then  a scale  ol  terminal  xeloeilx  can  be  .issigned  to 
dull  me.isiired  along  the  me. in  xxind  line  I sing  this  scale.  .i  terminal  xeloeilx  can  be  assigned  to 
.inx  single  light  Hem  I hat  is.  instead  ot  eiule.ix ourmg  to  me.isiire  the  terminal  xeloeitx  ol  anx 
iiidixulual  light  Item.  H is  possible  to  estimate  xxhat  its  terminal  xeloeitx  must  haxe  been  bx 
relerenee  to  its  position  along  the  drill  line.  Heeaiise  ol  xag.iries  m the  xxmd,  this  process  in  imhkelx 
to  be  aeeurale;  some  iiutixidual  items  xxill  haxe  terminal  xeloeities  xxell  aboxe  ot  beioxx  those 
esiim.ited  Instead,  it  is  belter  to  consider  the  light  Hems  in  groups  and  loestim.ile.  lot  e.ieh  group. 
.1  ter  minal  xeloeitx  xx  Inch  is  the  .ixerage  tori  he  group  ,is  ,i  xx  hole  In  el  I eel.  each  gioup  is  repl.ieed 
bx  a hx pxHhetieal  Hem  ol  xxieek.ige  xxliieh.  in  terms  ot  drill  and  terminal  xeloeitx.  lepresents  the 
group  ,is  .1  xxhole  Hx  this  means,  the  xagaries  associated  xxith  the  Iraieelorx  ol  anx  iridixidu.il  light 
Hem  are  axoided  xxhile  each  item  makes  an  equal  contribution  to  the  tmal  ealeul.ilion 

I reqiienllx  I he  groups  .ire  sell-delined.  i.e.  there  is  a n.itural  tendenex  lor  xxreek.ige  Hems  to  bx- 
.issoei.iled  m groups  Where  these  natural  groups  are  ill-delined.  a salislaetorx  .ipproaeh  is  to 
dix  ide  the  drill  line  into  inlerxals  and  to  consider  i he  Hems  in  each  i liter xal  .is  a group  1 he  dixison 
IS  .irbili.irx  .111x1  selected  so  .is  to  ealei  lor  siieh  naliir.il  grouping  .is  does  exist 

I sing  equ.ilion  (.7).  anil  assuming  the  xxiiixl  xeloeilx  is  knoxxii  one  estimate  ot  aliHude  is 
obiainexi  lor  each  group  .ind  .in  example  is  eontamexi  in  I ig  ' .mil  I able  I I or  break  up  .H  loxx 
.illil  tide,  t hese  eslim.iies  m.ix  be  cor  reeled  il  desired,  to  alloxx  lor  I he  px'i  lod  ol  initial  ax'eeler. it  ion 
li.ised  on  the  experimental  data  ol  Rel  .7.  a useliil  i ule-ol-thumb  eorreelion  is  oht.iitied  bx 
siiblraeimg  Irom  the  ealeul.ited  aliHude  an  .iniouni  equal  to  the  disl.inee  eoxered  in  one  scxond  .it 
the  terminal  xeloeitx.  i e 


.orreeled  .iltiliide 


drill 
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licik't.ilU . howcxci . the  eonectu'iix  .lie  too  mii.iII  to  he  ol  Mitnil le.iiiee  >;nen  tlie  inexil.ihle 
x.iii.ition  in  the  extiin.itex  oht.imeil 

I his  pi  oeeiiiiie  lot  estim.itinit.illitiuie  is  xtilul  oiiK  il  x is  .issiimcd  const. ml  llouevei.  lot  .in\ 
uieck.ine  item,  x xxill  mereiise  xxith  altiliRie  lienee,  tins  lepoit  is  restricted  to  hreak  up  .1  It  it  tides  ol 
less  than  MlOOni  1 10.1)00  II  I xxheic  the  erroi  in  assiiinint:  x constant  is  small  I hese  .iltitiide 
esiini.iics  .lie  all  deiixed  Ironi  tr.iiectoi les  in  the  one  pi. me.  xi/  the  xeitic.il  plane  thtonph  the  line 
ot  mean  xxind  In  order  to  improxe  the  reliahihtx  ol  .1  It  it  tide  esiim.iles.  ills  dcsiraSIc  to  use  not  onix 

ti . iiecloi les  mierscclini;  m I'lie  plane,  hut  .iKo  traieciories  in  mleisecling  pl.ines 

1.2  Hca>>  Wreckage  llfins 

\s  mentioned  cailiei . he.ixx  items  he  close  to  the  line  mat  kmi;  the  extended  I light  path  ot  the 
.ill Cl  alt  I hesc  items  luxe  high  terminal  x elocities  ol  up  to  Ml  - S5  m s(  200  - 2,S0  i.p  s 1 .md.  unless 
the  .illiindc  is  siillicicntlx  great,  xxill  not  achiexe  then  teiminal  xclocitx  N.-torc  ground  mip.icl 
Hence,  the  lermin.il  xeloeitx  .ippio.ich  xxill  not  xxoik  lor  these  items  and  a piirelx  empiric.il 
.ippio.ich  IS  .idxxptcd  based  on  .1  comp.irison  xxith  data  ohi .lined  Iron)  W oomera  trials  1 hese  data 
.lie  expressed  m tcims  i>l  .1  laclor  I S S ) xxhich  is  delined  .is  the  ratio  iil  t he  .lehiexed  lorxx.ird  t htoxx 
to  the  loixx.iid  throxx  c.ilenl.ilexl  loi  zero  tierodx  n.imic  xli .ig  I orxx.ird  throxx  is  measured  Irom  1 he 
hie.ik-iip  point  .ihxng  the  exteiuled  llight  p.ith  ol  the  tiirci.ilt 

1 he  x.iliies  ol  S S 1 ol  most  interest  .ire  those  apphc.ihle  to  the  m.ixinuim  (SJ  and  minimum 
I S ) limits  ol  the  heaxx  xxreck.ige  items  I hese  x allies  .ire  sluixx  n m 1 ig  ^ lor  altitudes  up  to  .M)00m 
I 10.000  It  ; \ssuming  X is  knoxx  n.  then  S can  he  determined  .is  .1  lunclion  ol  .illiinde  using  the 

st. iiul.iul  expulions  ol  motion  Kn  .1  x.iciium.  Hx  using  the  d.ita  x>l  I ig  .x.  this  relationship  max  he 
iisexi  lx'  plot  h,  .mil  S .IS  lunctions  ol  .lilitiiile.  I he  estmialcxl  .iltiinde  ol  hrc.ik-np  is  then  the 
.iltitiide  coricspoiuling  to  the  me.istired  xalnes  ot  S.  anil  S Ixxo  esiim.iles  ot  altilnde  are  thus 
ohi.iineil  haseil  on  tr.iiecloi les  m ihe  xcrtic.il  pl.me  p.issing  Ihroiigh  the  extended  thghi  path  ot  the 
.met. ill.  Some  c.iiilii'n  is  .ixlxis.ihic  in  the  inlerpict.iiu'n  ol  these  results,  Ihe  niimhcr  ol  he.ixx 
xxieck.ige  Items  is,  .11  times,  insnilicieni  lx'  estahhsh  Ihe  spiead  xil  he.ixx  items  xxith  acciiracx 

I sii.illx  S.e.m  he  est.ihlishexl  xx ith  cxmlidencc  sinee  .ill  an ci .ilt  xxill  piodiice  highdeiisiix  items  xin 
xxhich  this  IS  h.iseii.  eg  h.illerx  boxes,  iiiulei c;ii  1 i.iee  legs,  xxheels.  guns,  etc  llx'xxcxei.  in 
esiim.itmg  S , it  is  necess.irx  to  ex. inline  the  xlat.i  c.iielnllx  lxn  spcci.il  le.iiiiics  xx  Inch  m.ix  leiul  ii' 
eixe  misle.ixling  results 

S.  I)1S(  I SSIOV 

Ihe  pixicediires  gixen  m section  ' Ix'i  the  xletei  min.ition  ot  .illiliixle  m.ix  .ils<i  he  used  to 
xleieimine  .iircr.ill  speed  il  this  is  unkiixixxn  Hx  using  the  .illiluxle  esiim.iled  lioni  light  items, 
|S  S l.iiixIlS  S I m.ix  he  ohi.imcxt  xlirecllx  lix>m  I Ig  X Since  S .mil  S ate  knoxx  n mc.isurcnienis. 

X m.ix  then  be  xlelenninexl.  I qu.illx , instead  ol  using  1 he  he.ixx  items  lx' obi. iin  ixxo  esiim.iles  ol 
.illiuixlc  or  speed,  ihex  max  be  tiseil  to  x'hl.im  one  .illitiixle  eslimale  plus  one  ^peed  esiimalc  1 he 
piocexlinc  IS  the  s.mie  .is  gixen  in  Section  ' except  ih.il  l.imilies  ol  cm  xes  repiesenline  plots  xxl  S 
.111x1  s ,is  liinclioiis  x'l  high  speexi  .mil  .illiiiule  .ire  necess.iix,  Ihis  iei|uites  .1  high  lexel  .'I 
iiailideiice  in  the  ine.isiirexl  x .dues  x'l  S , .mil  S HasexI  on  \k  ox'inei a 1 1 1.1  Is  d.it.i.  the  .icx  iii.iix  ol 
lesiills  xxht.iinexl  Using  these  prx'cexiures  is  esiim.itexl  to  he  appioxim.ilelx  ' 2n' . 

I he  pi  x'eeilures  oiilhnexl  in  this  pxiper  l.ill  slu'it  ol  scienlilic  ex.ieliliide  1 hex  re  lx  heax  ilx  xui 
ml  ml  ion  .mil  e xpei  lence  .md  it  is  nol  possible,  gixen  Ihe  i ui  1 enl  si.ite  ol  the  .111.  to  l.ix  xloxx  n h.i  id 
.111x1  t.ist  1 nil",  ot  ptocexliiie  I ai  h step  is  h.isie.illx  .1  pioccss  ol  1 ri.i I .md  ci  rx'i  xx  Inch  is  conliniicxi 
until  .1  selt-consistenl  picliiic  h.is  been  ohl.imexl  l)espiie  these  shoi I-comings  .1  gn.il  xle.tl  x’l 
x.ilii.ihle  inloi  malion  c.m  he  xlx-iixcxl  Irom  .met. ill  xxrcxk.ige  laxonis  Such  mliiim.ilion  should  he 
loiisiileied  .ixlxlilion.il  I",  i.ilhel  Ilian  siihslitiiling  lot.  xl.il.i  x'ht. lined  lix'iii  moie  cxuixenlion.il 
sol  1 1 CCS  siich  .IS  I he  ex.miinaiion  ol  li  .ictiire  sui  l.iees.  in  sti  11 11  lent  le.ixlmgs  .mil  cxc  xx  iincss  icp<>i  is 
I lom  the  loiegomg  it  is  cle.it  ih.il  this  p.ipci  repiesenis  .m  intei  im  si.iiemeni  onlx  ,.i  Ix'l  mote  xxx>i  k 
ten). nils  Ix'  be  xlx'iie 

M < <)N(  I I SIO\S 

lU  using  I he  pi  ocexlines  ontlincxl  m 1 his  pa  pet  it  is  px'ssihle  to  esl.ihlisli  1 he  bre.ik-iip  point  .iiul 
10  ohi.im  some  inloim.ilion  on  the  bie.ik  up  scx|iience  Ihe  .illiluxle  .mil  specxl  x'l  the  .iiici.ilt  .11 
bre.ik  up  c.in  he  dele’ mined  xxith  .111  .icciiiacx  ol  .ipproxim.ilclx  ■ 2D'  >.  As  x el.  the  pi  ox  xaliiies  .u c 
lonimext  to  .illiliides  ol  less  ih.m  'DDOiii  ( lO.lHID  It  1 lurlhei  extension  ol  the  pn'cexliiies  to 
eiii  ouip.iss  higlicr  .iliil  uxics  mii'l  .i".iil  .111.1  lx  sis  ol  \k  ooniei  .1  1 1 i.iK  conducleil  .it  medium  .imt  high 
.illitndcs 
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